The aim of this article is to describe early maxillary alignment in patients with unilateral cleft lip and palate using a new orthopedic appliance incorporating b-titanium wire. The new orthopedic appliance was made with acrylic resin and a springshaped b-titanium wire, and the appliance was fixed onto the hard palate with microscrews under general anesthesia for approximately 1 month. At the end of treatment, both the major and minor segments rotated and moved into a suitable maxillary arch form by the special property of shape memory alloy, resulting in alignment of the cleft palate gap and satisfactory reconstruction of the maxillary arch.
V arious methods have been described for early orthopedic treatment of cleft lip and palate in infants, 1Y9 and many institutions incorporate presurgical maxillary alignment in their treatment protocol of cleft lip and palate. 10, 11 The orthopedic treatment using palatal plate described by Hotz is 1 of the major passivecontrol theories of presurgical maxillary alignment. 3 In some cases, however, passive presurgical maxillary alignment cannot produce ideal results, and several clinicians also used active presurgical methods. 6, 8, 12 The Latham appliance is 1 of the major active-control theories of presurgical maxillary alignment, 6 and orthodontic elastic and expansion screws are used in the appliance. Superelastic shape memory alloy wires, nickel-titanium, and b-titanium have not been used for presurgical maxillary alignment, although these wires are commonly applied for teeth alignment and leveling stages in orthodontic treatment. b-Titanium alloy has high elastic and acceptable formability, 13, 14 and these mechanical features can be suitable for orthopedic treatment of cleft lip and palate.
The purpose of this article is to describe a new presurgical orthopedic procedure for unilateral cleft lip and palate using b-titanium alloy and to report the results of clinical application, including comparison with conventional passive procedure.
METHODS
Pilot Study F irst, we assessed retrospectively the results of passive presurgical orthopedic procedure using a Hotz-type palatal plate to estimate the needs of active presurgical orthopedic treatment. Twenty-three infants with unilateral cleft lip and palate who received the passive presurgical orthopedic treatment were investigated. Plaster models were prepared at the initial examination (pretreatment; mean age, 13.3 T 14.9 d; T SD) and just before palate closure (posttreatment; mean age, 12.7 T 2.2 mo; T SD), and the alveolar gap between the major and minor segments was measured.
The alveolar gap disappeared in 14 of the infants (group A), with complete attachment of the major and minor segments. On the other hand, the alveolar gap was still present at the end of treatment in 9 infants (group B). Table 1 and Figure 1 summarize the results of the treatment and distribution of patients. The alveolar gap was still present at the end of the treatment in patients of group B; however, the gap decreased by approximately 9.1 mm relative to that at the initial examination. Patients were divided into 2 groups, group A and group B, using a cutoff value of alveolar gap measured at the initial examination of 9.0 mm. The results of the pilot study indicated that the alveolar gap in unilateral cleft lip and palate can be reduced by approximately 9.0 mm using the passive presurgical orthopedic treatment. Closure of an alveolar gap of more than 9.0 mm might be difficult. Therefore, infants with alveolar gaps of more than 9.0 mm at the initial examination would need a different presurgical approach. We describe here the new active presurgical procedure.
Clinical Trial
Most infants with cleft lips and palate participating in the current study were examined for the first time within 2 weeks from birth, and a maxillary impression was taken on the first visit. A Hotz-type palatal plate was constructed using a soft acrylic resin, and this was then inserted into the maxilla to help feeding and passive alignment of the maxillary arch. Based on the results of the pilot study, infants with wide cleft (9 9.0 mm) received active presurgical orthopedic treatment plus b-titanium wire. The active control therapy commenced in the wide-cleft infants (10 infants, 4 boys and 6 girls; mean age, 2.1 T 0.6 mo; T SD) 1 month before surgical lip repair. The clinical trial was in accordance with ethical guidelines outlined in the Declaration of Helsinki.
Orthopedic Appliance
The orthopedic appliance was constructed using acrylic resin (Orthodontic Resin; DENTSPLY Caulk, Milford, DE) and b-titanium wire (0.027-or 0.032-in. titanium molybdenum alloy; Ormco Corporation, Orange, CA). First, an impression of the maxillary arch was obtained to prepare the orthopedic appliance. The obtained plaster model (Fig 2A) was cut into 2 pieces of major and minor segments. The split plaster model was used to construct a set-up model with a suitable maxillary alveolar arch form ( Fig 2B) ; this maxillary arch form was the target of our presurgical orthopedic treatment. The suitable maxillary alveolar arch form was shaped as a symmetry shape of the major segment, which was selected based on the standard data of Japanese infants. 15 The appliance was constructed on the set-up model. Both the major and minor segments were covered with 2 separate acrylic resin plates, and both acrylic resin plates were held together using a spring-shaped b-titanium wire (Fig 2C) . Both the major and minor segments of the appliance were aligned with the elastic force of b-titanium alloy (Fig 2D) . Before application, 4 or 5 holes were drilled in both plates for titanium screws, which where placed on the hard palate, avoiding any neurovascular structures and teeth buds.
Application
One month before surgical lip repair, the presurgical orthopedic device with b-titanium was applied under general anesthesia. The screw targets were drilled in the hard palate with the orthodontic implant-anchor system (Orthoanchor K1 system; DENTSPLY Sankin, Tokyo, Japan), and the device was fixed onto the hard palate with 4 or 5 titanium screws (1.5 Â 11.0 mm Cross-Drive screw; Walter Lorenz Surgical, Inc., Jacksonville, FL; Fig 3) . The screws heads were covered with acrylic resin to avoid loss of screws. After the operation, both the major and minor segments were automatically aligned by the shape memory feature of b-titanium alloy, and the maxillary arch was aligned into the suitable arch form produced by the set-up model. The duration of active presurgical orthopedic treatment and the following retention period was approximately 1 month. At 3 months of age, surgical lip repair was carried out, and the appliance was removed during operation together with the b-titanium wire.
RESULTS
A pplication of presurgical orthopedic treatment with b-titanium wire resulted in alignment of both the major and minor segments in all infants with unilateral cleft lip and palate, and each infant acquired a satisfactory maxillary arch (Fig 4) . The reconstructed maxillary arch was comparable to the arch form in the set-up model (Fig 2B) . The results suggest the predictability of this form of presurgical orthopedic treatment. In addition, the active presurgical procedure resulted in closure of the cleft upper lips (Fig 5) . The closed right and left upper lips made surgical lip repair easier, with favorable surgical outcome.
The results of active presurgical orthopedic treatment were compared with those of the passive procedure. The results of passive procedure were based on analysis of 9 infants with wide cleft who were enrolled in the pilot study. The alveolar gap at the time of surgical lip repair was measured for each group, and then the data of the active and passive groups were compared. The results showed that active presurgical orthopedic treatment using b-titanium significantly reduced the alveolar gap (P G 0.001) compared with the passive treatment group during the early orthopedic period ( Table 2) . Moreover, we also examined the changes in the maxillary arch during early presurgical orthopedics in both the active and passive groups. The midpoint, the top of lateral sulcus (right and left), the posterior ends of alveolar palatine groove (right and left), and the mesial ends of the segments (right and left) were represented landmarks on the plaster models at the initial examination and after lip repair (Fig 6) . These points were plotted on the x-y coordinate plane. Active presurgical orthopedic treatment using btitanium resulted in displacement of the major and minor segments to suitable positions compared with the passive treatment group (Fig 7) .
DISCUSSION
O ur protocol of presurgical orthopedic treatment using b-titanium wire was effective; the maxillary alveolar arch was aligned within a period of 1 month, and the resultant arch was similar to the target. The maximum elastic force of b-titanium used in our appliance was approximately 200 g; the btitanium wire provided the same elastic force to each segment, and both the major and minor segments pulled each other to reduce the alveolar gap. With regard to the mechanism of reduction of the alveolar gap, we postulate that forward rotation of the minor segment and the backward rotation of the major segment produced the ideal maxillary alveolar arch form. It is possible that the forward rotation of the minor segment was more effective than the backward rotation of the major segment; the major segment was supported by the nasal septum, and thus, its rotational movement was more restricted than the minor segment. The forward rotation of the minor segment is expected to have a more favorable effect, and the present presurgical orthopedic approach supports this hypothesis. Favorable results, as seen in our small clinical trial, and long-term maxillary growth and stability cannot be predicted. Interestingly, the results of treatment using the Latham appliance, 6 ,8 a representative active presurgical orthopedic treatment, also varied widely. 8,12,16Y18 Lukash et al 12 reported that patients treated with the active presurgical orthopedic approach had well-balanced lips and noses and favorable facial growth patterns. On the other hand, Berkowitz et al 18 stated that the frequency of anterior and buccal crossbites is significantly high with the Latham-Millard presurgical orthopedics. Chan et al 17 also reported that active infant orthopedics did not affect the dental arch relationships in preadolescent children. The long-term results of active presurgical orthopedic treatments need to be analyzed carefully, and our patients treated with b-titanium also need to be followed closely, and the long-term outcome should be determined. 
